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where X* and X are introduced for convenience (7); X = ( -1)/(cv -2).
At any arbitrary t= t*, where Q = Q*, tf can be calculated by manipulation of Eq. 4: t t A((x-1) ~ ~(7) 13 JANUARY 1989 With the approximation Of assumed to be infinite,
gives an upper bound (but frequently useful) solution. For the common case ot = 2, further simplification arises:
tf -t* = 1/Af* (9)
One may estimate values of A and ox from a plot such as Fig. 1 or from solving a set of simultaneous equations such as Eq. 3, using rates observed to the current time. At least four observations of Q are generally necessary, yielding three rates. More points improve the quality of the solution, and confidence estimates may be evaluated through nonlinear statistical regression techniques. Of course, such "constants" apply strictly to the time increments over which observations have been collected and may not necessarily apply to data at subsequent times if changes occur in the dominant mechanism of deformation or in the conditions of loading. Such "constants" may therefore appear to change over time. Although the predictive method indicated here will often provide a useful guideline to the expected life, the accuracy of the method is ultimately determined by the precision and frequency of the observations and by the regularity of the observed phenomena.
One may also determine failure life graphically, using a curve of reciprocal rate against time. The reciprocal rate Q-' = [A(1 -o)(t -to) + (10) decreases continuously with time and is upwardly convex for ox > 2 and concave for ot < 2. Experience suggests that ot is frequently nearly 2, and for such cases the inverse curve is nearly linear (3). Failure occurs when the inverse value Qf`( is obtained, usually very near the point of intersection of the reciprocal rate curve with the time axis. In practice, changes in mechanism or loading conditions may cause recognizable changes in the reciprocal rate curve. Nevertheless, this method may be applied even when such complications are present. Other useful graphical relations include the logarithm of rate against the logarithm of time preceding failure, and, for ot = 1, the natural logarithm of rate against time.
Small changes in stress may have a considerable influence on tf. This influence may be explored by considering constant load uniaxial creep tests, which comprise most of the available creep data. In the lower stress levels that characterize engineering practice, failure is associated with material damage and strains are relatively small. Under such circumstances the stress changes due to change in cross-sectional area may be neglected. The minimum creep rate es corresponding to a given nominal stress r can be expressed in the form Similarly, Eq. 6 may be rewritten 
where m, q, v, r, Ab*, t*, and (X* are material constants (11). For X = (r + 1)/(r -q + 1), the integrated form coincides with the simplified form (Eq. 13) derived from Eq. 1, for no = es and A=(ot-1)/(ot-2). These Rabotnov-Kachanov equations are thus exactly equivalent to this special case, for (x #6 2 and for QfY-assumed sufficiently small to be justifiably neglected. Experimental results suggest that for steady conditions the effective strain rate may be dependent on the effective stress (, and the rate components tij may be proportional to components of the stress deviator Sij (12). If, in the tertiary region of increased rates, the ratio of strain components remains approximately constant, the Rabotnov-Kachanov equation may be generalized for multiaxial states of stress (11). These equations also apply to Eq. 1 as a special case. Such equations do not account for anisotropy that may accompany significant development of cracking or porosity.
The second special case involves the relation between tf and es, known for decades and most frequently described by the Monkman-Grant equation (13) (17) .
Experimental data for a host of metals and alloys (13) (14) (15) suggest ox in the range 1.74 to 2.01, with a mean value about 1.9 (Table 1) . Data for various soils (5, 16, 18) typically suggest ox= 1.9 to 2.1. Although confidence limits are thus far poorly understood, the value of ot appears to be relatively constant for a given material, independent of consolidation conditions, load level, or type of loading. Such "constants" may, however, vary over time if dominant microstructural mechanisms of deformation change, as by aging (precipitate growth), microcracking, or change in flow mechanism. The effects of such changes are roughly accumulated in m", the Monkman-Grant exponent of Eq. 17, upon which is based much of Table 1; which coincides with Eq. 1 for l i= a, A = m, and ox = 2. If, however, the nominal extension E -j -1 is used for the above case, the form is changed through change of variable. It therefore appears that choice of a dimensionless variable for Q is not itself sufficient to ensure the form of Eq. 1. Likewise, setting f = F yields a differential equation different in form from Eq. 1. Further, for the case of constant load rate P, Eq. 11 gives
? --e (I1 + tE) = 0 (24) the latter not identical to Eq. 1. However, for large time (not necessarily implying large strain), t >>?1, and the form of Eq. 1 (Eq. 22) is recovered. A new relation (Eq. 1) thus summarizes concisely a directly observed regularity. Numerous data from many sources conform to the relation. Numerous separate long-standing relations then emerge as equivalent cases, and one obtains insight into some limita-tions and extensions of these relations (21 
